The degree of myogenic response varies between different vascular beds and may contribute to differences in autoregulation. This study examined whether differences in pressure-induced changes in intracellular calcium ([Ca 2؉ ] i ) account for this variability by comparing responses in rabbit cerebral arteries which possess a prominent myogenic response with rat mesenteric arteries where the response is much less marked. Rat mesenteric small arteries and small branches of the posterior cerebral artery were mounted on glass pipettes in a perfusion myograph containing physiological saline at 37؇C and aerated with 95% O 2 and 5% CO 2 under pressure and no flow conditions. Outer diameters of arteries were measured using a video dimension analyser. Vessel diameters were measured following exposure to 30, 60 and 90 mm Hg intralumenal dis-
Introduction
The intrinsic ability of vascular smooth muscle to respond to an increase in intravascular pressure by vasoconstriction and to a decrease in intravascular pressure by vasodilatation is termed the myogenic response. This phenomenon was first noted by Bayliss in 1902 1 and although originally observed in larger arteries, it is most strongly expressed in small arteries and arterioles, 2, 3 where it is functionally important in the process of circulatory blood flow autoregulation and acts in conjunction with flowmediated vasodilation to regulate arterial diameter. 4 In the same way that agonist mediated contractile responses in vascular smooth muscle are dependent on mobilisation of intracellular calcium ([Ca 2+ ] i ), the myogenic response is also believed to depend on a rise in [Ca 2+ ] i . 3, 5 Myogenic contractile responses appear to be especially dependent on influx of extracellular Ca 2+ and can be abolished by the removal of extracellular calcium or the application of calcium channel blockers. 3, [5] [6] [7] Small arteries from different vascular beds display varying degrees of myogenic activity. Generally the response is most marked in those territories with the greatest degree of flow autoregulation, such as the cerebral and coronary circulations; 8, 9 and least marked in those territories with little autoregulation, such as the mesenteric circulation. 7, 10 The object of this study was to explore the relationship between myogenic contractile response and calcium mobilisation in small arteries from a cerebral and a mesenteric vascular bed in order to examine whether differences in pressure-evoked changes in [Ca 2+ ] i could account for differences in myogenic response in these arteries.
Materials and methods
Small mesenteric arteries (outer diameter = 275 ± 13 m; n = 8) were obtained from male Wistar rats following stunning and cervical dislocation. Posterior cerebral arteries (outer diameter = 338 ± 15 m; n = 8) were obtained from male New Zealand White rabbits following lethal intracardiac injection of sodium pentobarbital. The mesentery or brain was quickly removed and placed in cold physiological saline solution (PSS) comprising (mM): NaCl 120; KCl 4.68; MgSO 4 , 7H 2 O 1.16; KH 2 PO 4 1.8 mM; Glucose 5.5 mM; NaHCO 3 25; EDTA 0.03 and CaCl 2 2.5 aerated with 95% O 2 and 5% CO 2 . PSS was used to superfuse and perfuse the arteries once isolated and mounted in the perfusion chamber.
Arteries were dissected free from surrounding tissue and transferred to a perfusion chamber (Living Systems Instrumentation, USA). Isolated arteries were mounted between aligned glass micropipettes which had been pulled from capillary glass tubing to obtain the optimum tip shape and diameter (120-150 m). The artery was secured to the proximal pipette by means of fine thread and gently flushed through with PSS at approximately 15 l/min, care being taken not to exceed 10 mm Hg intravascular pressure at this stage. This procedure maintained vessel patency, thereby preventing endothelial damage and flushed out any remaining erythrocytes. The vessel was then secured to the distal pipette. Intravascular perfusion was continued for 20 min under the same conditions. The distal pipette was then occluded by means of a three-way tap and the vessels held under isobaric conditions of 30 mm Hg by means of a pressure-servo unit and peristaltic pump (Living Systems Instrumentation, USA). Under these conditions there was no flow through the system and the pressure applied to the proximal pipettes was the intravascular pressure along the vessel length. Vessel length was then set by exposing the artery to 90 mm Hg intravascular pressure and elongating the artery by means of a micrometer attached to one of the holding pipettes sufficient to induce a minimal longitudinal stretch. This length was used for all subsequent studies. Vessels were then returned to a distending pressure of 30 mm Hg and allowed to recover.
Pressure measurements were made by a flowthrough transducer, connected in series with the vessel for electronic control of the peristaltic pump. Pressure was indicated directly in mm Hg on a digital display on the pressure-servo unit and also as an analog output voltage for recording and subsequent analysis. After dissection and mounting vessels were maintained at 37°C for approximately 1 h to allow wall tone to develop Arteries were observed in situ in the perfusion chamber via an inverted microscope (ID03, Carl Zeiss, UK) using a CCTV camera (Panasonic, UK) linked to a PC with a frame grabber board and viewed on a monitor. Diameter measurements refer to the external diameter (outer wall to outer wall) of the vessel. These measurements were calculated using a commercial video dimension analyser (Living Systems Instrumentation, USA) and output to a chart recorder. Vessel diameter was measured under the following conditions: Thirty minutes recovery time was allowed for the vessel to resume its resting diameter at 30 mm Hg before proceeding to step (3). Intravascular pressure steps were applied using the pressure-servo pump and at least 5 min was allowed for the vessel to develop myogenic tone at the new intravascular pressure.
Steps (4) and (5) in Ca
2+
-free PSS were carried out to distinguish genuine development of active wall tone from passive distension at the described intravascular pressures.
After completion of wall measurements [Ca 2+ ] i was measured in the same vessels using the fluorescence indicator fura-2 AM (Molecular Probes Inc, USA) using a modification of a method described previously.
11 Vessels were incubated in the dark with fura-2AM (1 M) in 25 ml loading solution containing 1% (w/v) bovine serum albumin (BSA) for 2 h. After incubation with fura-2AM the chamber was washed thoroughly and then superfused with fresh PSS for 30 min. [Ca 2+ ] i was measured as the ratio of fluorescence at 510 nm evoked by excitation at 340 and 380 nm using a Deltascan monochromator and photon detector system (PTI, USA) linked to an inverted microscope (Axiovert 10, Carl Zeiss, UK). 
Data analysis and statistics
Diameter responses to stepwise increases in intravascular pressure are expressed as a percentage of the estimated maximum active response. This was calculated as the change in diameter in Ca 2+ -free PSS (maximum diameter) less the diameter in KPSS (minimum diameter) at a given pressure. Similarly changes in [Ca 2+ ] i were normalised with respect to the difference in 340/380 nm ratio (ie, [Ca 2+ ] i ) in KPSS (maximum) and in Ca 2+ -free PSS (minimum). Data shown are mean ± s.e.m. of n observations. Data were compared using analysis of variance or Student's t-test for paired or unpaired data as appropriate, P Ͻ 0.05 was considered significant.
Drugs
Fura-2AM (Molecular Probes, OR, USA) was made up in DMSO containing cremaphor-EL and pluronic F127. Final concentrations of DMSO, cremophor-EL and pluronic F127 were 1%, 0.1% and 0.02% respectively. These concentrations had no effect on vessel reactivity. All other reagents were obtained from Sigma (Dorset, UK).
Results
In rat mesenteric arteries significant active tone was only seen at 60 mm Hg (Table 1 in both vessel types (rat mesenteric artery resting 340/380 ratio = 0.66 ± 0.14; rabbit cerebral artery resting 340/380 ratio = 0.56 ± 0.05) as were responses to KPSS (rat mesenteric artery KPSS response = 0.80 ± 0.12; rabbit cerebral artery KPSS response = 1.04 ± 0.28). Increases in pressure were associated with a rise in [Ca 2+ ] i in both vessel types and the magnitude of the rise in [Ca 2+ ] i in response to increases in pressure was similar in mesenteric and cerebral arteries (Table 1) .
Discussion
These data indicate that increases in intravascular pressure are associated with rises in [Ca 2+ ] i in rat mesenteric and rabbit cerebral arteries. Similar observations have recently been reported in rat mesenteric 12 and rat cerebral arteries. 13 In the latter study increased intravascular pressure was associated with membrane depolarization from −63 mV at 10 mm Hg to −36 mV at 100 mm Hg. This pressureinduced depolarization was proposed to be responsible for L-type calcium channel opening and Ca 2+ influx, thereby accounting for the increase in tone. Although similar measurement were not made in our experiments, it is likely that a similar mechanism underlies the increase in [Ca 2+ ] i seen in this study. Nevertheless, despite the similarities in the levels of [Ca 2+ ] i seen in both cerebral and mesenteric arteries at a given pressure there were significant differences in the degree of active tone in the two preparations, with the cerebral arteries being more myogenic. This suggests that there are differences between rat mesenteric and rabbit cerebral arteries at some point distal to [Ca 2+ ] i in the signalling pathway leading to contraction, and that these account for the differences in active tone seen in these vessels. Two recent studies in hamster cheek pouch arterioles 14 and rat mesenteric arteries, 12 also measured [Ca 2+ ] i and diameters in pressurised vessels and have suggested the existence of a pressure-related mechanism which enhances the sensitivity of the contractile machinery to [Ca 2+ ] i . It is possible that differences in activity of such a mechanism could account for our observations. Alterations in [Ca 2+ ] i sensitivity of contraction have been extensively studied in the context of receptor agonist-induced tone in isolated blood vessels 15, 16 and a number of mechanisms including inhibition of myosin phosphatase or activation of protein kinase C and mitogen activated protein kinases have been implicated in these effects. Whether similar mechanisms are involved in the pressurerelated enhancement of [Ca 2+ ] i sensitivity is uncertain but a recent study has proposed protein kinase C as an important modulator of [Ca 2+ ] i sensitivity in pressurized rat cerebral arteries. 17 In summary, this study has demonstrated that differences in pressure related active tone in rat mesenteric and rabbit cerebral arteries appear not to be attributable to differences in changes in [Ca 2+ ] i . Other differences such as variation in basal or pressure-related [Ca 2+ ] i sensitivity of the contractile machinery or some other process may account for differences in myogenic reactivity of blood vessels from different sites.
